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ABSTRACT 


This publication outlines in some measure the work involved in a series 
of tests made to study the effect of a number of non-pressure processes 
commonly used in the treatment of wood with creosote in extending 
the life of northern white cedar posts and poles exposed to the agencies 
of decay, and sets forth the records and findings in such a form as to 
represent a summary of the results. 

The methods of treatment include brushing, dipping, steeping, 
and double-tank processes. Some of the timbers were incised before 
treatment; others were left plain. Still others were left untreated, to 
serve as a check on the effectiveness of these several preservative 
processes. 

The specimens, approximately 42 inches in length, provided from 
180 seven-foot and 186 ten-foot posts, were treated in the summers of 
1922 and 1923 and were allowed to remain in an unprotected position 
in the soil for a period of twenty years. They were inspected at regu- 
lar intervals in order to secure data for an accurate record of their 
behavior throughout the duration of the tests. 

The findings of the observations and investigations are recorded in 
some detail in the several diagrams and tables throughout the text 
and in Appendix A, and the analyses of the preservative oil originally 
injected into the wood together with that remaining in the wood at the 
end of the twenty-year period are summarized for comparison. 
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NON-PRESSURE TREATMENTS OF ROUND NORTHERN 
WHITE CEDAR TIMBERS WITH CREOSOTE 


Il. InrrRopucTION 


1. Preliminary Statement: Decay and Preservation of Wood. — 
Most timbers not destroyed by mechanical wear fail by decay. Hence 
its prevention is economically important to a variety of users, includ- 
ing railroads, power-development and communication companies, 
farmers, and others who employ wood in construction. 

Decay is the result of fungus and bacterial growth in the fibers of 
wood. The fungus is a threadlike parasitic plant that feeds on the 
structural elements in the walls of the wood cells. As this plant grows 
from cell to cell it dissolves these elements, principally cellulose and 
lignin, for its own food supply and thus breaks down the structure of 
the wood, leaving a brownish incoherent residue called decay. 

For successful propagation the fungus requires not only a food 
supply, but also air, some moisture, and a rather warm temperature. 

On a commercial scale neither the air supply nor the temperature 
range of timbers continually in contact with the soil can be controlled. 
The moisture content, however, can be controlled to some extent, and 
a toxic element applied in order to poison the food supply. Since there 
are many limitations on controlling the moisture, the latter procedure 
is the more economical. Creosotes serve the purpose excellently. They 
are highly toxie to fungus growth, are not highly volatile, do not 
dissolve in water, and hence are not readily leached. 

Pressure processes of applying the preservative are the most eco- 
nomical for a large percentage of structural timbers, especially the 
larger sizes of the harder and denser varieties. However, non-pressure 
processes have value also. They are simple. They require little expen- 
diture for labor and equipment. Moreover, they are particularly ef- 
fective in treating well-seasoned wood that has a porous shell; the 
preservative can readily penetrate the outer fibers and form a seal 
against external agencies of decay. The stronger the seal and the longer 
it remains unbroken, the more effective the treatment. 

Non-pressure processes have an additional advantage. Under most 
circumstances the upper portion of posts and poles whose butts are 
set in ground that is rather moist throughout the year will have a 
comparatively long life, but the sapwood of the butt will decay in a 
relatively short time unless protected. No means have been devised for 
treating a portion of a timber successfully by pressure processes, 
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whereas there are several methods of doing so by non-pressure 


processes. 


2. Nature and Purpose of Tests. —It was therefore the purpose of 
the tests herein reported to determine in a measure the relative effec- 
tiveness of various non-pressure methods of treating with creosote a 
wood whose structure permits it to be successfully treated in this 
manner. The wood chosen was round northern white cedar (Thuja 
Occidentalis), commonly used for posts and poles. This wood is well 
adapted to non-pressure treatment because its heartwood naturally 
resists decay and its sapwood is porous. When, therefore, this sapwood 
shell is treated, the life of the structure is materially prolonged without 
the expense of treating the “core,” or innermost part of the timber. 


3. Acknowledgments. — The work was carried on as a part of the 
program of the Engineering Experiment Station of the University of 
Illinois. It was done under the general administrative direction of 
Deans C. R. RicHarps, M. 8. Ketcuum, A. C. Wiuuarp, and M. L. 
ENGER, successively directors of the Station from 1922 to date, and 
under the immediate supervision of Proressors J. M. SnNopGcrass and 
E. C. Scumiprt, successively heads of the Department of Railway En- 
gineering, and Proressor W. C. Huntrnaton, head of the Department 
of Civil Engineering. 
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Il. Description or Trsts 


4. Specimens and Basic Procedures. —To facilitate the treating 
processes and conserve material, the specimens to which preservatives 
were applied averaged about 42 in. in length; all surfaces, including 
both ends, were treated. Because neither end was sealed, it would be 
incorrect to assume that the data obtained from such 42-in. pieces 
would correspond exactly to the figures that would be obtained from 
treating this length of the butts of posts or poles. In treating the butt, 
however, some of the preservative would penetrate along the sapwood 
beyond the 42-in. point, thus offsetting to some extent any errors re- 
sulting from such an assumption. At all events, the data obtained from 
the processes presented in this publication are comparable.* 

The timbers used had been cut in the northern Wisconsin woods — 
180 into 7-ft. length, and 186 into approximately 10-ft. lengths, for 
posts. After all timbers had been cut and dried, and one set of them 
incised, creosote was applied in both hot and cold conditions, a total 
of four methods of application being used. The timbers were then set 
in the ground in an unsheltered location where they would be exposed 
to the agencies of decay. The soil was a well-drained black clay loam 
containing a small percentage of disintegrated cinders. Till 1943, when 
it became necessary to remove the specimens, the timbers were in- 
spected annually. 


5. Non-incised Posts. — Tests of non-incised posts began in May, 
1922. One hundred eighty well-seasoned 7-ft. specimens ranging from 
3.5 in. to 7 in. in diameter were cut in two. One-half of each 7-ft. post 
was treated; the other half was left plain. Both halves of each post were 
numbered. The bark of posts that had been cut during the summer 
months had already been cleanly peeled off. The inner bark of those cut 
during the winter months was either peeled off, or shaved off with a 
drawknife. The whole surface of each post was exposed to creosote, the 
tops of some specimens being cut at various angles — 90 deg., 67.5 deg., 
and 45 deg. — to permit study of the effects of slope across the top. 


Moisture Content 


Upon delivery, the posts were stored in relatively dry air for a 
month’s seasoning. After each post had been cut in two, a moisture 


*It was intended at the beginning of the investigation to study this phase of wood preserva- 
tion rather intensively and to test round northern white cedar under various conditions of soil, 
drainage, and ground-cover growth. The experiments herein reported were to. be preliminary, 
yielding observations that would aid in scheduling a course of procedure. Limitation of funds, 
however, made it necessary to use as the basis for this bulletin data that were intended to serve 
as a guide toward a more extens.ve rescarci. 
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sample about 34 in. thick was taken at the freshly cut point. The 
samples were at once weighed on scales reading to tenths of a gram 
and were then heated for 24 hr. in an electric oven at a temperature 
slightly above 212 deg. F. Re-weighing was followed by further heating 
in the oven during 24-hr. periods until the weight of each sample be- 
came constant. 

Tables 1A, 2A, 3, and 6 show the average moisture content for each 
series of tests. It averaged a little below 10 per cent of the oven-dry 
weight of the wood. This is substantially lower than the ratio generally 
found in outdoor timbers. 


6. Incised Posts. —In 1923, the range of tests was extended to 
include a study of the value of incising timbers for the purpose of al- 
lowing the preservative oils to penetrate more deeply without appre- 
ciable impairment of the structure of the wood. 

Like the posts used in the first set of tests, these ranged from 3.5 
to 7 in. in diameter. Their original length, however, was somewhat 
over 10 ft. Each was cut into three pieces of equal length, 42 in. The 
two pieces of each post that were to be treated were cleaned of bark, 
and one of them was then incised over nearly its whole area. The 
specimens were then treated with creosote under virtually the same 
conditions and over virtually the same ranges of time and temperature 
previously described. The third piece of each post was left untreated. 

The tops of all specimens were cut off — one-third at an angle 
of 90 deg., one-third at 67.5 deg., one-third at 45 deg. 


The Incisions 


The purpose of the incisions was to open the sapwood in order to 
permit a deeper penetration of the preservative oil without appreciably 
weakening the structural value of the wood. 

The incisions, parallel to the grain and ¥% in. deep (slightly more 
than the thickness of the sapwood in the average post), were cut over 
the circumferential surface of the timber to within 3 in. of each end. 
Two spacings of incisions were used, to determine their effects on oil 
penetration.-On 160 specimens the incisions were 114 in. longitudinally. 
On 26 specimens (listed at the end of Table 6 and the end of Table 9D) 
they were 2 in. longitudinally. The other dimensions were identical on 
all 186 posts — 4 in. stagger and 1% in. circumferential. 

Several pole-treating plants use power-driven incising machines 
to puncture the sapwood surface of pole butts in order to increase the 
absorption of the preservative. Such machines have to be specially 
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made, to handle knotty and irregularly shaped timbers as well as 
curved and tapered surfaces. Equipment suitable for incising flat 
pieces such as boards and railroad ties is not sufficiently flexible. In 
the tests herein reported, the work was done by hand because of dif- 
ficulties involving time, expense, and operating conditions. Though 
tedious, hand-incising insured a uniform depth of cut regardless of 
knots and irregularities in the timber surfaces. The incision pattern 
was accurately laid out on each specimen, and the incisions were cut 
true to measurement and specified depth. The pattern is shown in 
Fig. 1; the dimensions of the incising tool, in Fig. 2. 


Moisture Content 


Like the posts in the previous lot, the incised posts were well 
seasoned when bought. Their further treatment was identical with that 
already described. For the 186 specimens the moisture content aver- 
aged about 8.8 per cent of the oven-dry weight of the wood, as shown 
in Tables 1A, 2A, 3, and 6. 


7. The Preservative. — Most creosotes used in wood preservation 
are by-products of the distillation of bituminous coal in the process 
of making gas, tar, or coke. The grade of creosote used in the tests 


Circumferential— 


“S 


Long/tudira!/ 


Fic. 1 (av Lert). Spacina or INcISIONS Fic. 2. Inctstne Toou 
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was that prepared especially for the surface treatment of wood —a 
erade of carbolineum or anthracene oil made with a higher boiling 
point than that of ordinary creosotes used in pressure processes — 
because it was believed such an oil would remain in the wood for a 
longer time than creosotes used in pressure processes, and thus would 
to some extent offset the disadvantage of rather shallow penetration. 


8. Characteristics of the Preservative Oil. — The preservative oil 
used in all tests made during the summer of 1922 showed the follow- 
ing characteristics, as determined by the Applied Chemistry Labora- 
tory of the University of Illinois under the direction of Dr. J. M. 


Lindgren: 

Specilicieravity, atilb-5 dé. C.se 22 eee nes 1.199 
Free carbon, insoluble residue................... 0.237% 
‘Tar AClOSS aches cis Oe Seo et te PAGAN GE 
Sulforiation 25. tia on: | ates oe tan eee 0.30 % 
Distillation 

Per cent distilled up to 235 deg. C............. 8.6 

Per cent distilled up to 300 deg. C............. 35.2 


The preservative oil used in the tests made during the summer of 
1923 showed the following characteristics, as determined by the same 


laboratory : 
Miatterinsolublesm benzolasa nieces eee ORs SG 
Distillation 
UWpstor21 0 dea Ci tes tae eet en eee 2.06 % 
DLOZ230 Sire hisccn heres ae ee eee antsy 
2RO=3 LD ve 2 fe eA: Oe 3 ey ae 
BL5A355: 462 Aa eae ee ee 22.74 % 
Resides, .<.. $2.3) Seat eae ee ee 26.00 % 
SpeciickonayityentsS/locordeos Oana 1.087 
Specific gravity of fraction between 235 and 315 
deg saitr3S/ 15:5 dep Cn area eee 1.048 
Specific gravity of fraction between 315 and 355 
degrat.a8 15-5 der. Gyan: see 1.120 
Eloat testiat,Oidecs Cane ene ea ee 22 sec 


9. Preservative Processes. — Comparisons of the amounts of creo- 
sote absorbed per unit volume by the timbers treated by the different 
processes, or even between those treated by the same process, are 
useful in only a general way. Individual specimens and even whole 
groups may vary widely from the averages because of differences in 
the structural characteristics of the same woods. The rate of growth 
of two adjacent trees of the same variety may differ considerably. 
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Again, the upper part of a tree may differ somewhat from the lower 
part; and ability to withstand decay with or without treatment is in- 
fluenced to some extent by these characteristics of individual timbers.* 

The processes of applying the preservative in these tests included 
brushing, dipping, steeping, and hot-and-cold bath, generally known 
as double-tank or open-tank. 


10. Brushing Treatments. — The brushing treatments were applied 
to 96 posts, 72 non-incised and 24 incised. Forty-eight timbers were 
treated with the preservative “cold” (70-90 deg. F.) and the same 
number with it “hot” (180-220 deg. F.; in a few cases slightly higher). 

Four lots of 24 posts each received one, two, three, and four ap- 
plications, respectively. The 72 specimens that received more than one 
coat were allowed to dry after each application. To determine the 
amount of preservative oil absorbed, they were weighed before treat- 
ments were begun and after each application. The moisture content 
shown in Table 1A was that of the wood at the beginning of the first 
application. Thereafter the posts were kept outdoors —a procedure 
that might have increased the moisture content somewhat, though the 
air was fairly dry. This increase might, in turn, have caused slight 
error in determining the weight of the creosote absorbed and in de- 
creasing the amount of absorption in subsequent applications. 

Table 1A gives the results of these tests. 

Absorption per cubic foot of post was as follows: 


Non-incised wood 


Cold oil Hot oil 
IPGhay kennels, gc couke@adlon mee o eeu ae 1.07 lb. leat allo: 
DEAD pl AONSes. aso sacs s aig se ee 1.53 lb. 1.98 lb. 
38201) DULCALOILS arene eae en ema BAO Woy Be 1G) HO. 
AAD DLC AGL OMG Re Ear ee ieree roils see necte 24.7135 Moy. 2.95 lb. 

Incised wood 

PAD DUCA UOT rete en ueieteemee ee 0.46 lb. 2.43 Ib. 
DEAD DlECHuLO Nsaevare alee er teen ee 1.38 lb. 3.41 Ib. 
SHE O) ol ROSH ACOOS a oo ocean ems Ceres Gear Hn I Moy 7.45 lb. 
Ab Gu NIGAM, orang ondwe toon uous 5.85 Ib. Gps lb: 


A summary of these values is given in Table 1B. The average ab- 
sorption in pounds per cubic foot for the 72 non-incised specimens 
during one application was 1.07 for the 36 treated in cold preservative 
and 1.15 for the other 36, treated in hot oil. For 54 posts of this lot 
which received two applications, the average was 1.74 for the 27 posts 


* While, as a matter of convenience, the tests were applied to posts, the processes are, in 
general, applicable to poles of the same variety of wood. It must be understood, of course, that 
the results of these tests do not apply to all woods in general, but to this particular variety, 
only, or at most to one or two others that are very similar in character. 
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treated “cold” and 2.26 for the 27 treated “hot.” For 36 that received 
three applications the figures are 2.18 for the 18 treated “cold” and 2.73 
for the 18 treated “hot.” For 18 of the set that received four applica- 
tions the figures are 2.73 and 2.95. 

All 24 incised specimens received at least one application, 12 speci- 
mens “cold” and 12 “hot”; eighteen received two applications, 9 “cold” 
and 9 “hot”; and so on. The figures for those treated “cold” are 1.65, 
3.23, 5.10, and 5.85; for those treated “hot” they are 3.05, 4.53, Goes 
and 6.33. 

The increased absorption due to incisions may be of academic in- 
terest only, since steeping and double-tank processes without incisions 
give deeper penetration and since the expense of incising Justifies a 
more effective method. Nevertheless it is worth noting that absorption 
reached as much as 6 |b. per cu. ft. 

In comparing tests on the basis used above — absorption in pounds 
per cubic. foot of wood —the diameter of the posts must always be 
considered. As will be seen later (pages 29 and 31), the protection 
offered to a 6-in. post by an absorption of 2.50 lb. per cu. ft. is about 
50 per cent more than that offered to a 4-in. post by the same amount 
of preservative. 


11. Dipping Treatments. — Of 78 specimens dipped, 54 were non- 
incised and 24 incised. Thirty-nine specimens were submerged in pre- 
servative ranging in temperature from 70 deg. to 90 deg. F., the other 
39 in preservative ranging from 180 deg. to slightly higher than 220 
deg. F. The 78 were divided into three groups of 18 each and one of 24. 
This largest group received one 15-min. immersion. Of the groups of 
18, one received a 5-min. immersion; one received two 15-min. immer- 
sions; the other received three 15-min. immersions. The specimens were 
weighed and dried as in the previous tests. 

The results of these tests are shown in Table 2A. 

Absorption per cubic foot was as follows: 


Non-incised wood 


Cold oil Hot oil 
limmersion (5 min.).42-.... ee see 2.60 lb. 1.90 lb. 
1 immersion (15 min.)............. 3910553 Illa). 2.2% Ib. 
ZAMMMOCESIOUSe < s+ s. ack a uekie on 4.26 lb. 3.52 lb. 
SLMEOCLSIOUGM. << <cinee echoes eee 4.96 lb. 4.90 lb. 

Incised wood 
ih toanaaesiKovet (Qo TaN Ree eee nao ‘5 ¥-10) Ilhoy. 6.75 lb. 
Immersion a lomnina)s....... 2005. 7.08 lb. Wepoelbe 
Zi AMNNELS OMS MeaeMReEe oo ie s.< we ca oe 9.32 lb. OP2 Ibe 
SHURUAVITG ONS, 5s Anam te gee Oe ao. 10. 28 lb. 12.28 lb. 
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A summary of part of the data of Table 2A is given in Table 2B. 
For 42 non-incised specimens given one 15-min. immersion, the ab- 
sorption in pounds per cubic foot was 3.00 for the half treated in cold 
oil and 3.15 for the half treated in hot oil; for 24 of the same lot given 
two 15-min. immersions, the absorption was 4.00 for the half treated 
in cold oil and 3.95 for the half in hot; for 12 specimens of the same 
group given three 15-min. immersions, the absorption was 4.96 for the 
half treated in the cold bath and 4.90 for the half in hot. 

Similarly, for 18 incised specimens treated for one 15-min. period, 
the absorption in pounds a cubic foot was 7.21 for the half submerged 
in cold oil and 9.16 for the half submerged in hot; for 12 of the same 
lot given two 15-min. immersions, the absorption was 8.91 for the half 
in the cold bath and 10.50 for the half in hot; for the 6 of the same 
group given three 15-min. immersions, the absorption was 10.28 for the 
half in the cold oil and 12.28 for the half in hot. 


12. Steeping Treatments. — In the steeping test 194 specimens were 
used, 120 being non-incised and 74 incised. Groups and periods of im- 
mersion were as follows: 18—% hr.; 18—%® hr.; 24—1 hr; 
21— 2 hr.; 24 — 38 hr.; 26 —4 hr.; 21 —5 hr.; 24 —6 hr.; 18 —7 hr. 
One hundred four were treated with the bath at a temperature of from 
70 to 90 deg. F., and the other 90 at a temperature of 200 deg. F. or 
shghtly higher. The results of these tests are given in Table 3. 

Absorption per cubic foot was as follows: 


Non-incised wood 


Immersion period Cold oil Hot oil 
ee OWE Ses ce aE 8 ee RR eee ts Daou 3.93 |b. 
SA NOUME a. hedbeg Wiaive Tank Me ea pee ee 3.78 lb 4.00 lb. 
LSE OUTS Ae ane ae Sea cathe Ra 4.86 lb. 2. 74 lb. 
AIO LESSEE te eS ee ye ras ome 5.10 |b. 4.27 |b. 
SEM OULS Rms remerep yc tis, ha ae ent Opeonllos 7.483 Ib. 
AO OULS MRT Niee’..soue tae some tee 5.48 lb. 4.78 lb. 
PG OUDS eMC, fee Me sy cnc s SeecMt hs ace ees 8.45 lb. 7.64 lb. 
GROUESS eer eet ek cies Foire Selealioy 9.86 lb. 
Te OUTS sesh RC trees Fas eas ey eels 11.40 lb. 10.00 lb. 

Incised wood 
WAIVED A a epee paso tise CON, Oe 8.48 lb. 8.76 lb. 
SYA nVG|Dit' ohP Sn Seeiee War eee tone ee Sahat hs 6.94 lb. 7.80 Ib. 
jh NYGUTO 2 cabs UMOe Retr, Rea oti al har eae gre 9.03 |b. 8.01 lb. 
HOURS tees ote ener Bee Gti ret ones 10.60 Ib. 7.98 |b. 
SA TLOULE Seay aon Etna eet akea ere tree ethan eats 1145 1b: 9.65 |b. 
AMINO (LE SER awe ee EP ae acy visete take Rossa ts lat Ube 10.25 lb. 
HAOULS eae Lo se een 10.31 Ib. 10.85 lb. 
(FalAVGLUBES attain din Ee Arana teas 11.50 lb. 13.22 lb. 


Of MBYOUULASt ena cca Re ee RENT OL Ae ial Sy Alllox 16.10 lb. 
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The high rate of absorption throughout this set of tests as well as 
in the preceding tests is no doubt due, in part at least, to the unusually 
low moisture content of the timbers and the high porosity of the wood. 
The amount of absorption was as high as the amount retained when 
the empty-cell pressure process is applied to railroad ties and other 
structural timbers. 


13. Rate of Absorption During Steeping-Test Periods. — The rela- 
tive rates of absorption during immersion periods varying from 5 min. 
to 7 hr. for both non-incised and incised wood as found in Tables 2A 
and 3 are shown in Table 4 and Fig. 3, the curves in Fig. 3 being drawn 
continuously to represent values approximately average. The effect 
of the incisions was of course to increase the amounts of absorption 
of the preservative. This absorption during the first 30 min. was rela- 
tively high for both types of posts — 3.0 lb. per cu. ft. for non-incised 
and 7.5 for incised. After that time the difference grew less as the time 
increased, the deeper penetration of the heartwood no doubt accounting 
for some of this difference. During the remaining 6% hr. the non- 
incised took up 7.2 lb. per cu. ft. and the incised 5.3 Ib. per cu. ft. 


14. Relative Absorption During Dipping and Steeping Treatments. 
— The relative absorptions of non-incised and incised timbers during 
similar immersion periods of dipping and steeping processes are shown 
in Table 5. Some advantage is indicated in favor of the dipping 


/ncised Posts 


Creosote Absorbed 
(7? |b. pet ct. Fr of Wood 


4) Ht B &y ; ¢ 5) é 7 & 
/rImersion Periods in Hours 


Fig. 3. ABSORPTION PER Cusic Foor or Woop Durina Prriops or IMMERSION 
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15. Double-Tank Treatment.— The theory of the double-tank 
(open-tank, or hot-and-cold-bath) treatment is that after the wood 
has been immersed for some time in hot preservative it becomes 
heated and the air and moisture in the cavities of the cells are ex- 
panded. When the wood is removed from the hot oil and plunged im- 
mediately into cold oil, the air and moisture of the cells contract during 
the cooling process, thereby forming a partial vacuum. The external 
pressure of the air then drives the creosote a little deeper into the 
wood. 

Of the 178 specimens treated by the double-tank method, 106 were 
non-incised, 45 were incised with incisions spaced 114-in. longitudinal, 
le-in. stagger, and %-in. circumferential measurement, and 26 were 
incised with incisions spaced 2-in. longitudinal, %-in. stagger, and 
\%-in. circumferential measurement. All incisions were 1%4-in. deep. 
The results of the tests are shown in Table 6. 

Of the non-incised timbers, a group of 9 posts was submerged in the 
hot bath for a period of 34 hr., after which it was removed, and placed 
immediately in the cold bath, and kept there for 4% hr. The amount 
of absorption was 7.08 lb. per cu. ft. of wood. A set of 21 submerged 
for 1 hr. in the hot bath and then for 1 hr. in the cold bath absorbed 
10.07 lb. per cu. ft. A set of 14 pieces submerged in the hot bath for 
2 hr. then in the cold bath for 1 hr. absorbed 11.13 lb. per cu. ft. A 
set of 11 given a 2-hr. hot bath and a 2-hr. cold bath absorbed 11.85 
Ib. per cu. ft. A group of 9 given a 3-hr. hot bath and a 1-hr. cold 
bath absorbed 11.81 lb., another lot of 9 immersed in hot oil for 3 hr. 
and in cold oil for 2 hr. absorbed_10.22 lb., and still a third lot of 9 im- 
mersed in hot oil for 4 hr. and in cold oil for 1 hr. absorbed 7.80 |b. 
per cu. ft. 

For three groups of 6 each, results can be expressed thus: 


No. of Immersion Period Absorption, 
Specimens (hot, then cold) Ib. per cu. ft. 
4+2 11.40 
4+4 11.75 
a3 8.04 


Finally, a lot of six immersed in hot oil for 4 hr. and then left 
in the bath while it cooled for 14 hr. absorbed 13.20 lb. per cu. ft. 
Data concerning wood incised with 144-in. longitudinal, -in. stag- 
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ger, and 14-in. circumferential measurement are as follows: One set of 
three pieces immersed in the hot oil for a period of #4 hr. and then in 
the cold oil for a period of 4% hr., absorbed 10.60 lb. of the preserva- 
tive. A lot of six submerged in the hot bath for 1 hr. and then in 
the cold bath for 1 hr. absorbed 12.98 lb. per cu. ft. Similarly, groups 
of three were submerged with the following results: 2 hr. in the hot 
bath and 1 hr. in the cold, absorbed 14.37 lb. per cu. ft.; 2 hr. in the 
hot bath and 2 hr. in the cold, 12.31 lb.; 3 hr. in hot oil and 1 hr. in 
cold, 20.60 lb. A lot of six immersed for 3 hr. in hot oil and 2 hr. 
in cold, absorbed 14.60 lb.; one of three for 3 hr. in hot oil and 3 hr. in 
cold, 15.03 lb.; one of three for 4 hr. in hot oil and 1 hr. in cold, 16.55 
Ib.; one of six for 4 hr. in hot oil and 2 hr. in cold, 14.60; one of three - 
for 4 hr. in hot oil and 4 hr. in cold, 16.71 lb.; one of three for 5 hr. 
in hot oil and 3 hr. in cold, 11.35 lb.; and one of three for 4 hr. in hot 
oil followed by 14 hr. cooling, 18.79 lb. per cu. ft. 

In the lot of twenty-six given incisions spaced 2-in. longitudinal, 
¥-in. stagger, and 14-in. circumferential measurement, one group of 
three immersed for 34 hr. in hot preservative followed by % hr. in 
cold, absorbed 9.80 Ib. per cu. ft. Another group of six immersed in 
hot oil for 1 hr. and then in cold for 1 hr., absorbed 11.12 lb., and a set 
of five immersed in hot oil for 2 hr. and then in cold for 1 hr. absorbed 
12.15 lb. Four lots of three each immersed gave the following results: 
2 hr. in hot oil and 2 hr. in cold, 15.92 1b.; 3 hr. in hot oil and 1 hr. in 
cold, 16.61; 3 hr. in hot oil and 2 hr. in cold, 14.65; and 4 hr. in hot 
oil and 1 hr. in cold, 7.36 lb. per cu. ft. 
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16. Relative Absorption During Steeping and Double-Tank Treat- 
ment. — Table 7 shows (for both non-incised and incised wood) the 
relative absorption of the preservative during the steeping and double 
tank treatments for the same number of total hours covering the im- 
mersion period or periods, and indieates the apparent relative ad- 
vantages of the double-tank process. The accompanying graph, Fig. 4, 
in which the curves are drawn continuously to represent approxi- 
mately average values, shows that the non-incised timbers retained 
about as much preservative by the double-tank method as the incised 
timbers did by the steeping process; incising is of course much more 
expensive. This is not to say, however, that the non-incised specimens 
will last longer simply because they retained more of the preservative. 
The penetration is likely to be unevenly distributed around the cir- 
cumference of the post —slight over one portion of the perimeter 
where the wood is more dense, and heavy over the rest of the section, 
as shown in Fig. 5. As the figure indicates, this uneven distribution 
may afford an opportunity for decay to begin where the penetration 
is ight. Examinations made during these tests have shown that in 
practically all the unsound non-incised treated posts decay has oper- 
ated in a sort of pocket on one side instead of around the perimeter, 
beginning where the penetration was light. In the incised timbers, the 
shell of penetration was practically uniform around the section, and 
thereby afforded better protection for the inner wood, as indicated in 
Fig. 6. The importance of this point must be strongly emphasized. 


17. Graphical Summary of Absorption in Pounds per Cubic Foot 
for the Various Processes. — Figure 7 presents graphically, for both 
non-incised and incised posts, a summary of the absorption of the 
preservative in pounds per cubic foot of wood for the different treating 
processes. The figures for brushing, dipping, and steeping are averages 
between cold and hot treatments. 


18. Treating Tank.—The dipping, soaking, and double-tank 
treatments were all made in a rectangular open-top steel tank pro- 
vided with a suitable cover. Because creosote is so inflammable that 
fire should not come in contact with its container, the oil was heated 
by means of a steam pipe laid along the bottom of the tank. The 
entire half of each post treated was immersed in the preservative oil, 
and a weight placed on it to keep it submerged. The timbers were 
removed from the tank by means of steel tongs in order to protect 
the workmen’s hands from the creosote, which has somewhat the 
same effect on the skin as carbolic acid. 
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Ill. Test Lor 


19. Methods of Setting Posts. —The specimens used in the first 
(May, 1922) series of tests were set during June, 1922. They were 
placed 21% ft. in the ground in a small test lot, fenced off for the pur- 
pose, on the University grounds. The two halves of each post, one 
treated and the other untreated, were set side by side to insure that 
they would be subjected to the same weather and other conditions. 
The method of placing them is illustrated in Fig. 8. 

In the second series of tests, 156 were treated in May, 1923, and the 
specimens were set during the next month; 30 were treated in October 
and set during November. The three pieces of each post were set side 


; Fic. 8. ARRANGEMENT oF Posts Ser In Test Lor InN 1922 
One row of each group was treated; the other was left untreated, as a control 
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Fic. 9. ARRANGEMENT OF Posts Ser 1n Test Lot in 1923 


One row of each group was treated, another was incised and treated, and the third was left 
untreated to serve as a check 


Fic. 10. Test Lor 
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by side, 214 ft. in the ground, in the same test lot with those of the 
previous year, where they were all subjected to the same weather 
conditions. The method of setting them is illustrated in Fig. 9. The 
complete test lot is shown in Fig. 10. 


20. Termination of Tests and Removal of Posts. — The posts had 
to be removed in March, 1943, to make way for the construction of 
one of the new buildings of the Engineering group. They were stored 
in a laboratory for further observational tests and measurements. 
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IV. Data OBTAINED FROM LATER OBSERVATIONS 


21. Weather Conditions During the 20-Year Test Period. — Table 
8 gives data of the atmospheric temperature and moisture conditions 
as they existed during the 20-yr. period that the timbers were under 
observation. The values for temperature are averages of the daily 
mean in degrees Fahrenheit for the various months indicated; those 
for precipitation are the totals in inches for the corresponding months. 
The average temperature for the 22 yr. was 54 deg., and the average 
rainfall was 37.9 in. per yr. The figures were taken from the records 
of the Urbana, Illinois, Station of the Weather Bureau, U.S. Depart- 
ment of Commerce. 


22. Length of Life of Untreated Specimens. — Figure 11 shows the 
condition of the posts at the end of about five years. Decay had eaten 
through the sapwood and slightly into the heartwood of 322 untreated 
posts at the end of 6 yr. and into the heartwood of the other 53 at the 
end of 8 yr. There is no way to judge how long these posts would have 
lasted until they would have broken under service conditions; but 
when they were removed in March, 1943, all had decayed off at the 


Fig. 11. Decay or Untreatep Posts 
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eround line, although a few of the tops (portions about a foot in 
length) were pretty well preserved. At the time of removal, most of 
the butts were structurally disintegrated. 


23. Length of Life of Treated Specimens. — Of the 72 non-incised 
specimens treated by the brushing method, 39 were sound at the end 
of 6 yr., 25 at the end of 8 yr., 20 at the end of 10 yr., 15 at the end of 
12 yr., 13 at the end of 14 yr., 8 at the end of 16 yr., 1 at the end of 
18 yr., and none at the end of 20 yr. 

Of the 24 incised pieces treated by the brushing process, all were 
sound at the end of 6 yr., 21 at the end of 8 yr., 19 at the end of 10 yr., 
17 at the end of 12 yr., 15 at the end of 14 yr., 14 at the end of 16 
yr., 13 at the end of 18 yr., and 12 at the end of 20 yr. As would be 
expected, those that received the best treatment lasted the longest. The 
data are presented in some detail in Table 9A. 

Of the 54 non-incised posts that were given the dipping treatment, 
31 were sound at the end of 6 yr., 22 at the end of 8 yr., 22 at the end 
of 10 yr., 19 at the end of 12 yr., 15 at the end of 14 yr., 12 at the 
end of 16 yr., 12 at the end of 18 yr., and 10 at the end of 20 yr. 

Of the 24 incised specimens treated by this method, only 1 was 
seriously decayed at the end of 20 yr. The data are shown in further 
detail in Table 9B. 

Of the 120 non-incised pieces treated by the steeping method, 98 
were sound at the end of 6 yr., 82 at the end of 8 yr., 77 at the end of 
10 yr., 70 at the end of 12 yr., 65 at the end of 14 yr., 59 at the end of 
16 yr., 57 at the end of 18 yr., and 53 at the end of 20 yr. 

All the incised pieces were sound at the end of 20 yr. Table 9C 
gives a detailed summary. 

In the case of the double-tank method of treatment applied to the 
106 pieces of non-incised wood, 101 were sound at the end of 6 yr., 98 
at the end of 8 yr. and the same number at the end of 10 yr., 96 at the 
end of 12 yr., 94 at the end of 14 yr., 88 at the end of 16 yr., 87 at 
the end of 18 yr., and 84 or about 80 per cent at the end of 20 yr. 

All of the incised specimens that were treated by the double-tank 
method were sound at the end of 20 yr. Table 9D presents these 
figures somewhat in detail. 

Sloping the tops of the posts had practically no effect on the life 
of the wood; in all cases, failure occurred by decay at or immediately 
below the ground line. } 

The values of soundness for non-incised wood as given in the fore- 
going tables are summarized for comparison in Table 9B. 


BUL, 379. NON-PRESSURE TREATMENTS OF CEDAR 29 


24. Relationship Between Weight of Preservative per Post and Its 
Weight per Cubic Foot of Post. — The relationship between the weight 
of the preservative per post for 42-in. lengths and its weight per cubic 
foot of post is shown in Fig. 12 for posts varying from 3 to 7 in. in 
diameter. Since this relationship is elementary and is purely mathe- 
matical, no further explanation is required. 


25. Relationship Between Weight of Preservative Injected and 
Volume of Impregnated Shell. — Examinations made on 61 posts after 
they were taken up in March, 1943, showed the various depths of 
penetration of the preservative as given in Table 10. From these 
figures the average weight of the preservative injected per cubie inch 
of the impregnated shell was found to be 0.01518 lb., or about 26 lb. 
per cu. ft. As this is about 50 per cent above the minimum, it would 
seem to be sufficient for safety. This value was used to prepare Fig. 13, 
which gives the weights of preservative for posts 42 in. in length, 
varying in average diameters from 3 to 7 in. It cannot be assumed, of 
course, that the preservative penetrates all posts of this wood alike, 
for these data show that it does not; but because there is some con- 
sistency in the figures, they are presented for what they are worth. 
Figure 14 gives, for 42-in. posts, the relationship between the weight of 
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the preservative in pounds per cubic foot of post and the thickness of 
the impregnated shell. 

The following example will serve to illustrate the use of the 
graphical data. A 6-in. post 42 in. long that contains 3.50 lb. of 
creosote has a protective shell of about 0.31 in. A 4-in. post of the 
same length that contains 3.50 lb. of creosote has a protective shell of 
about 0.50 in., or about two-thirds more. If, however, the figures show 
that the amount injected into the 6-in. post is 3.50 lb. per cu. ft. of 
post, which is, according to Fig. 12, about 2.40 lb. per post, the pro- 
tective shell is about 0.21 in. thick. If the amount injected into the 
4-in. post is 3.50 lb. per cu. ft., which is about 1.1 Ib. per post, the 
protective shell is only 0.14 in. thick — about two-thirds as thick as 
that for the 6-in. post. 


26. Percentage of Creosote Retained in the Posts at the End of 
Twenty Years.— An examination of 51 posts that were still sound 
after they were removed from the ground in March, 1943, showed 
weights, under practically the same moisture percentages as when 
originally prepared for treatment, as given in Table 11. 


27. Chemical Analyses of the Preservative Remaining in the Wood. 
— Dr. J. M. Lindgren, still in charge of the Applied Chemistry Labo- 
ratory, made chemical analyses of creosote in portions of 10 posts that 
were typical of those specimens which were sound at the end of the 
test period. The samples were made up of equal portions, by weight, of 
the 10 posts. Sample 1 represents the outer half of that portion of the 
impregnated shell which was above ground; sample 2, the inner half of 
that portion above ground; sample 3, the outer half of that portion 
below ground; and sample 4, the inner half of that portion below 
ground. The entire samples of wood containing the preservative were 
ground to pieces smaller than 14 in., and all the creosote from each 
sample was extracted by means of ether. 

Table 12 is a résumé of the characteristics of the 10 posts chosen 
for chemical analysis of the contained creosote. Table 13 shows the 
results of the analysis of the four samples taken from each of the posts. 
The average pounds of creosote per cubic foot of wood actually im- 
pregnated, given in column 5 of this table, is 10.9, as compared with 
13.6 in the last column of Table 12. Table 14 is a summary of these 
analyses. The original chemical analysis made at the time of treatment 
showed that 51.1 per cent of the preservative would evaporate at 315 
deg. C., 48.9 per cent remaining as residue. These percentages account 
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for the figures in the third and fourth columns of this table, the total 
of 25.5 per cent being the average as given in column 9 of Table 12. 

Only 4.8 lb. of preservative per cu. ft. of impregnated shell re- 
mained in the outer half of that portion of the shell that was above 
ground, and 6.2 lb. in the inner half of that portion, whereas 15.0 lb. 
remained in the outer half of that portion that was below ground and 
17.4 lb. in the inner half of that portion. Altogether, on the average 
about 78 per cent of the preservative escaped from the upper, or ex- 
posed, portion during the 20-yr. period, and 36 per cent from the 
lower portion. Though a large percentage of the most highly toxic 
elements had disappeared from the wood by the end of the 20-yr. 
period, the remaining creosote still contained enough of them to 
preserve the wood against decay. 
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V. CoNncLUSIONS 


In evaluating the effectiveness of certain treatments and compar- 
ing various treatments, attention must be given to several factors that 
are influenced by the character of northern white cedar. For example, 
a large specimen with a relatively thin layer of sapwood will absorb 
less preservative, measured in pounds per cubic foot, than a small 
specimen with a comparatively thick sapwood. 

Steeping and double-tank processes are, naturally, more effective 
than the more superficial methods in causing the preservative to enter 
the wood. The degree of penetration is affected by several factors — 
not merely the time of immersion and the temperature of the preserv- 
ative, but the moisture content of various specimens and the thickness 
of their sapwood. 

Practically all the incised timbers that received some kind of 
immersion treatment were sound at the end of the 20-yr. period. 
These timbers were not, of course, subjected to any of the mechan- 
ically destructive agencies that injure the surface of posts and poles 
in some classes of service; however, this fact only serves to emphasize 
that the treated surfaces should have all the protection it is possible 
to give them. As soon as the preservative shell surrounding the timber 
is broken, much of the effectiveness of the treatment is lost. 

Incisions increase the absorption of the preservative oil, but as the 
periods of absorption became longer, increases due to incisions became 
smaller. Nevertheless, even for the longest periods of immersion, the 
additional increment of absorption and the uniformity of penetration 
around the surface would seem to justify commercially the expense of 
making the incisions where replacements of decayed poles would 
entail serious outlay and difficult construction. 

It should be re-emphasized that the advantage of incisions is 
to give not only a fairly deep penetration but — and even more im- 
portant —a uniform protective shell around the perimeter of the 
post or pole. 

In order to have a protective shell 14 in. thick according to the 
figures given in this publication, the rate of impregnation should be, 
for a 4-in. post, 42 in. long, 1.85 Ib. per post, or 6.00 Ib. per cu. ft. of 
wood per post; for a 5-in. post, 2.35 Ib. per post, or 5.00 Ib. per cu. ft.; 
and for a 6-in. post, 2.85 lb. per post, or 4.20 lb. per cu. ft. To have 
such a shell % in. thick would take something near double these 
amounts. 
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TABLE 4 
RELATIVE ABSORPTION OF PRESERVATIVE Durina PEertops or IMMERSION 


Posts Non-incised Posts Incised 
Tempera- 
Period of ture of Average Average Average Average 
Immer- Preserva- | No. of Thick- Pounds of No. of Thick- Pounds of 
sion tive Speci- ness of Creosote Speci- ness of Creosote 
mens in Sap- Absorbed mens in Sap- Absorbed 
Test wood, per Cu. Ft. Test wood, per Cu. Ft. 
In. of Wood In. of Wood 
5 Min. Cold 6 .39 2.60 3 .46 5.20 
Hot 6 A676 1.90 3 .39 6.75 
15 Min. Cold 9 41 3.03 3 41 7.08 
Hot 9 37 2.21 3 .oF 7.52 
30 Min. Cold 6 .38 3.15 3 44 8.48 
Hot 6 .40 3.93 3 44 8.76 
45 Min. Cold 6 .45 3.78 3 .52 6.94 
Hot 6 .40 4.00 53 48 7.80 
1 13be, Cold 9 54 4.86 3 02 9.03 
Hot 9 46 2.74 3 42 8.01 
2 Hr. Cold 9 .42 5.10 3 -40 10.60 
Hot 6 .41 4.27 3 .42 7.98 
3) lab, Cold 6 41 5.45 6 .46 11.45 
Hot 6 -47 7.43 6 .44 9.65 
4 Hr. Cold 9 ol 5.48 5 252 ier 
Hot 6 41 4.78 6 -51 10.25 
by lsh, Cold 6 45 | 8.45 6 .38 10.31 
Hot 6 45 7.64 3 -39 10.85 
6 Hr. Cold 6 45 8.13 9 .50 11.50 
Hot 6 .49 9.86 3 .50 13.22 
Th dah. Cold 6 AT 11.40 3 .50 FUSE 
Hot 6 44 10.00 3 .44 16.10- 
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RECENT PUBLICATIONS OF 
THE ENGINEERING EXPERIMENT STATION 


Bulletins 


Performance of a Hot-Water Heating System in the 1=B=R Research Home 
at the University of Illinois, by A. P. Kratz, W. 8. Harris, M. K. Fahnestock, 
and R. J. Martin. 1944. Forty cents. 

Fatigue Strength of Fillet-Weld and Plug-Weld Connections in Steel Struc- 
tural Members, by W. M. Wilson, W. H. Bruckner, J. E. Duberg, and 
H. C. Beede. 1944. Fifty cents. 

Temperature Drop in Ducts for Foreed-Air Heating Systems, by A. P. Kratz, 
S. Ixonzo, and R. B. Engdahl. 1944. Thirty cents. : 

Impact on Railway Bridges, by C. T. G. Looney. 1944. Seventy cents. 

sei of the Motion of a Rigid Body, by E. W. Suppiger. 1944. Thirty- 

ve cents. 

The Viscosity of Gases at High Pressures, by E. W. Comings, B. J. Mayland, 
and R. 8. Egly. 1944. Thirty-five cents. 

Fuel Savings Resulting from Use of Insulation and Storm Windows, by A. P. 
Kratz and 8. Konzo. 1944. Twenty cents. 

Heat Emission and Friction Heads of Hot-Water Radiators and Conyectors, 
by F. E. Giesecke and A. P. Kratz. 1945. Thirty cents. 

The Bonding Action of Clays: Part I—Clays in Green Molding Sand, by 
R. E. Grim and F. L. Cuthbert. 1945. Free wpon request. 

A Study of Radiant Baseboard Heating in the 1=B=R Research Home, by 
A. P. Kratz and W.S. Harris. 1945. Twenty cents. 

Grain Sizes Produced by Reerystallization and Coalescence in Cold-Rolled 
Cartridge Brass, by H. L. Walker. 1945. Free wpon request. 

Investigation of the Strength of Riveted Joints in Copper Sheets, by W. M. 
Wilson and A. M. Ozelsel. 1945. Free wpon request. 

Residual Stresses in Welded Structures, by W. M. Wilson and Chao-Chien Hao. 
1946. Forty cents. 

The Bonding Action of Clays: Part II—Clays in Dry Molding Sands, by R. E. 
Grim and F. L. Cuthbert. 1946. Free wpon request. 

Studies of Slab and Beam Highway Bridges: Part I-—Tests of Simple-Span 
Right I-Beam Bridges, by N. M. Newmark, C. P. Siess, and R. R. Penman. 
1946. Free upon request. 

Steam Turbine Blade Deposits, by F. G. Straub. 1946. Free wpon request. 

Experience in Illinois with Joints in Concrete Pavements, by J. 5. Crandell, 
V. L. Glover, W. C. Huntington, J. D. Lindsay, F. E. Richart, and C. C. 
Wiley. 1947. Free upon request. 7 

Performance of an Indirect Storage Type of Hot-Water Heater, by A. P. Kratz 
and W.S. Harris. 1947. Free wpon request. : 

Influence Charts for Computation of Vertical Displacements in Elastic Founda- 
tions, by N. M. Newmark. 1947. Free wpon request. : 

The Effect of Eccentric Loading, Protective Shells, Slenderness Ratios, and 
Other Variables in Reinforced Concrete Columns, by F. E. Richart, J. O. 
Draffin, T. A. Olson, and R. H. Heitman. 1947. Free wpon request. 

Studies of Highway Skew Slab-Bridges with Curbs: Part I—Results of Analyses, 
by V. P. Jensen and J. W. Allen. 1947. Free upon request. 

The Illinois Smokeless Furnace, by J. R. Fellows, A. P. Kratz, and S. Konzo. 
1947. Free wpon request. } , 
Rate of Propagation of Fatigue Cracks in 12-inch by 34-inch Steel Plates with 
Severe Geometrical Stress-Raisers, by W. M. Wilson and J. L. Burke. 1947, 

Free upon request. ' 

The Effect of Non-Uniform Distribution of Stress on the Yield Strength of 
Steel, by D. Morkovin and 0. Sidebottom. 1947. Free wpon request. 

History of Building Foundations in Chicago, by R. B. Peck. 1948. Free wpon 
request. ; 

The Free Surface Around, and Interference Between, Gravity Wells, by H. E. 
Babbitt and D. H. Caldwell. 1948. Free wpon request. 
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Bulletins (Continued) 


Studies of Slab and Beam Highway Bridges: Part I]—Tests of Simple-Span 
Bice I-Beam Bridges, by N. M. Newmark, C. P. Siess, and W. M. Peckham. 
1948. Free wpon request. ; ; 

Highspeed Freight Train Resistance: Its Relation to Average Car Weight, by 
John K. Tuthill. 1948. Free wpon request. - 

Flexural Fatigue Strength of Steel Beams, by W. M. Wilson. 1948. Free upon 
request. 

An Tvemseaton of Creep, Fracture, and Bending of Lead and Lead Alloys for 
Cable Sheathing—Series 1946, by C. W. Dollins. 1948. In press. | 

Non-Pressure Treatments of Round Northern White Cedar Timbers with Creo- 
sote, by E. E. King. 1948. Free wpon request. 


Circulars 


. Papers Presented at the Sixth Short Course in Coal Utilization, held at the 


University of Illinois May 21-23, 1941. 1942. Free wpon request. 


. Combustion Efficiencies as Related to Performance of Domestic Heating Plants, 


by A. P. Kratz, S. Konzo, and D. W. Thomson. 1942. Twenty cents. 


. Simplified Procedure for Selecting Capacities of Duct Systems for Gravity Warm- 


Air Heating Plants, by A. P. Kratz and 8. Konzo. 1942. Twenty-five cents. 


. Hand-Firing of Bituminous Coal in the Home, by A. P. Kratz, J. R. Fellows, 


and J. C. Miles. 1942. Free wpon request. 


. Save Fuel for Victory. 1942. Free wpon request. : ’ 
. Magnetron Oscillator for Instruction and Research in Microwave Techniques, 


by J. T. Tykociner and L. R. Bloom. 1944. Twenty cents. 


. The Drainage of Airports, by W. W. Horner. 1944. Twenty-five cents. 
. Bibliography of Electro-Organiec Chemistry, by 8S. Swann, Jr. 1945. In press. 
. Rating Equations for Hand-Fired Warm-Air Furnaces, by A. P. Kratz, 8. Konzo, 


and J. A. Henry. 1945. Thirty cents. 


. The Railroad Dynamometer Car of the University of Illinois and the Llhnois 


Central Railroad, by J. K. Tuthill. 1947. Free wpon request. 


. Papers Presented at the Seventh Short Course in Coal Utilization. 1948. Free 


upon request. 


Reprints 


. First Progress Report of the Investigation of Fatigue Failures in Rail Joint Bars, 


by N. J. Alleman. 1943. Free wpon request. 


. A Brief History of Lime, Cement, Concrete, and Reinforced Concrete, by J. O. 


Draffin. 1943. Free wpon request. 


. Tenth Progress Report of the Joint Investigation of Fissures in Railroad Rails, 


by R. E. Cramer and R. 8. Jensen. 1944. Free upon request. 


. Second Progress Report of the Investigation of Shelly Spots in Railroad Rails, 


by R. E. Cramer. 1944. Free wpon request. 


. Second Progress Report of the Investigation of Fatigue Failures in Rail Joint 


Bars, by N. J. Alleman. 1944. Free wpon request. 


. Principles of Heat Treating Steel, by H. L. Walker. 1944. Fifteen cents. 
- Progress Reports of Investigation of Railroad Rails and Joint Bars, by H. F. 


Moore, R. E. Cramer, N. J. Alleman, and R. 8. Jensen. 1945. Free wpon 
request. 


. Progress Report on the Effect of the Ratio of Wheel Diameter to Wheel Load on 


Extent of Rail Damage, by N. J. Alleman. 1945. Ten cenits. 


. Progress Report of the Joint Investigation of Methods of Roadbed Stabilization, 


by R. B. Peck. 1946. Free wpon request. 


. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E. 


Cramer, N. J. Alleman, and R. 8S. Jensen. 1946. Free wpon request. 


. Electro-Organic Chemical Preparations: Part III, by 8. Swann, Jr. 1947. Free 


wpon request. 


- Progress Reports of Investigation of Railroad Rails and Joint Bars, by RoE: 


Cramer, N. J. Alleman, and R. 8. Jensen. 1947. Free wpon request. 


. Second Progress Report of the Investigation of Methods of Roadbed Stabiliza- 


tion, by R. Smith, R. B. Peck, and T. H. Thornburn. 1947. Free upon request. 
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Divisions of Instruction 


INSTITUTE OF AERONAUTICS Liprary SCHOOL ' 
CoLLEGE oF AGRICULTURE COLLEGE OF MEDICINE 
COLLEGE OF COMMERCE AND DEPARTMENT OF MILITARY SCIENCE 
- Business ADMINISTRATION AND Tactics 
" CoLLecE or DENTISTRY DEPARTMENT OF NAVAL Srrentce 
_.. COLLEGE or EpucaTIon COLLEGE OF PHARMACY 
j COLLEGE OF ENGINEERING ScHOOL oF PHysIcAL EDUCATION 
COLLEGE OF FINE AND APPLIED ARTS Drviston OF SOCIAL WELFARE 
GRADUATE COLLEGE ADMINISTRATION 
- SCHOOL OF JOURNALISM Division OF SPECIAL SERVICES 
Institute or Lasor anp INDUSTRIAL FOR War VETERANS 
RELATIONS SUMMER SESSION 
COLLEGE oF LAw University Extension Division 
CoLLEGE OF LIBERAL ARTS COLLEGE OF VETERINARY MEDICINE 


AND SCIENCES 


University Experiment Stations and Research and 
Service Organizations at Urbana 


AGRICULTURAL EXPERIMENT STATION HicH ScHoot TEstinc BurEAU 
BurEAU OF COMMUNITY PLANNING INSTITUTE OF COMMUNICATIONS 
BureEAU OF EconoMic AND RESEARCH 

Business RESEARCH INSTITUTE OF GOVERNMENT AND 
BurREAU OF INSTITUTIONAL RESEARCH PuBLic AFFAIRS 
BurEAU OF RESEARCH AND. SERVICE Rapio Station (WILL) 
ENGINEERING EXPERIMENT STATION SERVICES FOR CRIPPLED CHILDREN 
EXTENSION SERVICE IN AGRICULTURE SmaLL Homes CouNcIL 

AND Home Economics STUDENT PERSONNEL BUREAU 
GENERAL PLACEMENT BuREAU UNIVERSITY OF ILLINOIS Press 


State Scientific Surveys and Other Divisions at Urbana 


STATE GEOLOGICAL SURVEY StraTE Dracnostic Laporatory (for 
State NATuRAL History Survey Animal Pathology) 
STATE WATER SURVEY U.S. RecionaL SoyBEAN LABORATORY 


For general catalog of the University, special circulars, and other ye ee a 
address THE Drrector or ADMISSIONS AND RECORDS, 
UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 
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